Summary. We performed studies on dogs under hydrated conditions, utilizing the rate of free water formation (CH2o) as an index of the rate of distal tubular sodium transport. Since CH2O could be progressively increased with no evidence of a maximal rate during loading with hypotonic (2.5%) mannitol, it was concluded that there is no limit on distal tubular sodium transport during mannitol loading. In contrast, during hypotonic (0.45%) saline loading CHvo rose initially, but as urine flow (V) exceeded 25% of the filtered load CH2o attained maximal levels (up to 20% of the filtered load) and remained stable as V increased to 50% of the filtered load. It was concluded that saline loading progressively inhibits proximal sodium reabsorption. Initially, the distal tubule absorbs a large fraction of the proximal rejectate and sodium excretion rises slightly. Eventually, an alteration in distal sodium transport appears which culminates in a maximal rate or transport limit. This distal transport limit provoked by saline loading could not be characterized by a classical Tm as seen with glucose and does not seem to be consequent to high rates of flow through the distal tubule. Regardless of the precise nature of this limit, the major increment in sodium excretion develops during saline loading only after saline alters the capacity of the distal tubule to transport sodium.
Introduction
It is well established that saline loading provokes an extensive inhibition of renal tubular sodium reabsorption. On the basis of micropuncture and * Submitted for publication December 7, 1966; ac- cepted April 11, 1967. These studies were supported by U. S. Public Health Service research grant HE-08535 from the National Heart Institute, and CCIC grant P-67-22 from the Bureau of Health Services, Division of Direct Health Services, U. S. Public Health Service. clearance studies in dog, it was concluded that the inhibition of sodium transport develops primarily within the proximal tubule (1, 2) . Despite considerable reductions in proximal reabsorption sug- gested by these studies, sodium excretion remained at relatively low levels (1, 2) . In contrast, other saline loading studies, in which sodium excretion rose to high levels, suggested that saline provoked a significant inhibition of distal tubular sodium transport (3, 4) . It is proposed, on the basis of the present data, that hypotonic saline loading in dog provokes a progressive inhibition of proximal tubular sodium reabsorption. Subsequently, an alteration develops in distal reabsorption which culminates in a maximal rate of distal sodium transport. The major increment in sodium excretion apparently develops only after saline load-ing alters the capacity for sodium transport Figure 1 ). In all studies the rise in V, CO , and CNa was associated initially with a progressive increase in CHO (Table I saline during the course of several mannitol studies at high levels of urine flow (Figure 1 ). The administration of acetazolamide provoked a modest rise in CH2O as V, Cosm, and CNa increased. Since GFR fell in these studies CHio/GFR rose sharply.
When a hypotonic saline infusion was superimposed on the mannitol diuresis, GFR remained unchanged, and as V, Cosm, and CN. rose, a striking increase in CHIo was noted (Figure 1 ). Although V could be increased to 50% of the filtered load during these mannitol studies, a limit in the ca- Figure 3 ). In contrast to the mannitol studies, CH2o levels above 20% of the filtered load were not found (Figure 3 ). At the time CH20 stabi-1 Glomerular filtration rate remained relatively stable throughout each study. In some experiments, however, results represent data obtained from both kidneys, whereas in other experiments results represent data obtained from one control kidney. It is apparent, therefore, that a wide range of GFR was encountered. In order to obtain a uniform presentataion of data, V, CNa, and CH2o have been factored by GFR.
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GFR I"w1 PERCENT 8 lized, dogs had received intravenously 85 to 220 ml per kg body weight of 0.45.% NaCl. An additional study was performed on an unanesthetized dog with diabetes insipidus whose urinary osmolality after 16 hours of dehydration was 58 mOsm per kg H2O. Results otbained from this study were similar to those obtained from other saline studies (Figures 2, 3) .
In several experiments, acetazolamide was administered during the saline diuresis after CHO kidneys (Figure 4, b) . In the control kidney, CHIG stabilized relatively early in the course of the study, whereas it continued to rise for a considerable time in the experimental kidney ( Figure  4 , a). Although CH2o stabilized at different times in the two kidneys, CH2O per level of V or CHO + CNa was similar in the two kidneys (Figure 4, c) .
Discussion
It is generally accepted that the production of dilute urine depends on the transport of sodium without water at the ascending limb of the loop of Henle and probably at more distal tubular sites. In numerous studies performed under hydrated conditions, the rate of formation of solute-free water has been utilized as an index of the rate of sodium transport at these distal water-clearing sites. The increase in CHIo during a solute diuresis has, therefore, been ascribed to a progressive rise in distal sodium supply and transport (1, (6) (7) (8) (9) (10) . Alternatively, it has been suggested that the rise in CH2O may be due to a progressive decrease in the back diffusion of water at distal sites as a consequence of an increased excretion of nonreabsorbed solute (11) . It (Figures 1, 2) (6, 12, 13) . Moreover, CHIo may be subsequently increased when additional sodium is presented to the distal tubule ( Figure 1) (6, 13) . The absence of a consistent relationship between CH2o and CoSm suggests that changes in CHIo do not depend primarily on altered rates of distal back diffusion of water. Other investigators have also found it difficult to ascribe the major increase in CHI0 to a diminished distal back diffusion of water (7, 8) . It seems reasonable to assume, therefore, that changes in CHI0 represent an index of changes in the rate of sodium transport at distal water-clearing sites. In this context, changes in CH2O + CNa provide an estimate of changes in the rate of delivery of sodium to distal sites (8, 9, 14) , and V, an index of the quantity of isosmotic fluid that escapes proximal reabsorption (1, 7) .
It is well established that mannitol loading de-C Na 10 ml/min. 8 6r CI.oQ5 rmlAnin. The rise in CH2O noted in the present mannitol studies would suggest that as distal sodium supply (CH2o + CNa) rises during mannitol loading, the distal tubule progressively increases its rate of sodium transport (Table I, Figure 1) . In several studies, including the two in which CHO tended to stabilize, a further inhibition of proximal sodium reabsorption was obtained by superimposing acetazolamide or an infusion of hypotonic saline on the mannitol diuresis (Figure 1) (1, 2, 15, 16 ). Associated with the sharp rise in the quantity and concentration of sodium delivered to distal sites in these studies, distal sodium transport increased progressively (Figure 1) . Thus, the present studies fail to demonstrate a maximal rate of distal sodium transport during mannitol loading.
The occasional failure of CHO to rise progressively during mannitol loading may be consequent to a substantial fall in the concentration of sodium in the tubular fluid presented to distal sites. At high distal flow rates, a reduced intratubular sodium concentration may limit the capacity of the ascending limb to increase its rate of transport (17) . If the concentration of sodium reaching distal sites falls sufficiently, the rate of delivery of sodium to the ascending limb may actually fail to increase. In this case, an increase in sodium excretion without a change in CHO could derive from an inhibition of isosmotic sodium transport at a distal tubular site (6, 18) . Regardless of the factors responsible for the occasional tendency of CHIO to stabilize, the present, as well as previous, studies provide no evidence to suggest a transport limit for sodium at the ascending limb during mannitol loading (Figure 1) (8, 10, 17, 19) .
During saline loading, CHO initially rose sharply as V, Cosm, and CN. increased (Tables II, III , Figures 2, 3 ). This finding is consistent with the proposal that hypotonic saline loading inhibits proximal sodium reabsorption and thereby increases distal sodium supply and transport (1, 2) . At distal flow rates greater than 20% of the filtered load, CHIo rose more slowly, attained maximal levels, and thereafter remained relatively stable as distal flow rate and distal sodium supply increased from approximately 25 to 50% of the filtered load (Tables II, III , Figure 3 ). In addition, when distal sodium supply was further increased late in the diuresis by the administration of acetazolamide, distal sodium transport could not be increased (Figures 2, 3) . It would appear, therefore, that during hypotonic saline loading sodium transport in the distal tubule is limited by a maximal rate (Tables II, III, and Figures 2,  3) . This limit permits the reabsorption of up to 20%o of the filtered load at distal sites ( Figure 3 ). The data obtained during saline loading contrast with those obtained during mannitol loading, where no limit on distal sodium transport could be demonstrated despite comparable rates of distal water and sodium supply ( Figure 5 ). Alternatively, it is possible that ascending limb sodium transport increases without limit during saline loading. The need to postulate that comparable increments in ascending limb sodium transport provoke variable rates of water movement from the descending limb would tend to exclude this alternative proposal. Moreover, implicit-in this hypothesis is the additional assumption that virtually all CHG is formed in those portions of the nephron located within the medulla. Several studies, however, suggest that segments of the tubule outside of the medulla may contribute appreciably to CHIO formation (15, 20, 21) . Thus, it seems more reasonable to conclude that the limit on CHI20 formation during saline loading is consequent to a limit on distal sodium transport.
In the experiments in which a unilateral reduction in GFR was produced, maximal CH20 levels were obtained early in the study on the control kidney, whereas CH20 continued to rise for a considerable time in the experimental kidney ( Figure   4 , a). However, CH20 or distal sodium transport stabilized in each kidney at a comparable level of distal sodium supply (Figure 4, c) . These experiments reveal that the distal transport limit that appears during saline loading cannot be clearly demonstrated until distal sodium supply exceeds critical levels (approximately 25% of the filtered load) (Tables II, III , and Figures 3, 5) . A further comparison of the mannitol and saline studies suggests, however, that an alteration in distal transport may develop during saline loading before the distal limit becomes manifest. Since mannitol is a nonreabsorbable solute it is apparent that at every level of distal solute supply (V) during mannitol and saline loading the rate of delivery of absorbable solute (sodium) to distal sites would be lower during mannitol loading. The finding that CHio per V was initially similar during mannitol and saline loading ( Figure 5 ) suggests, therefore, that even at low distal flow rates, saline loading reduces the fraction of the sodium supply reabsorbed in the distal tubule ( Figure 6 ).
The present studies may help to reconcile the conflicting conclusions regarding the tubular sites of altered sodium transport during saline loading in dog (1) (2) (3) (4) . Saline loading apparently provokes a progressive inhibition of proximal sodium reabsorption (1, 2). Initially, the distal tubule absorbs a large fraction of the proximal rejectate ( Figure 6 (Tables II, III) . Thereafter, a progressive alteration in distal sodium reabsorption appears to develop ( Figure 6) (3, 4) , which culminates in a maximal rate of distal sodium transport ( Figures  2-5) . It is during this phase of altered distal sodium transport that the major increment in sodium excretion develops (Tables II, III) .
The limit on distal sodium transport evident during saline loading does not appear to represent an inherent tubular transport maximum for sodium as described for glucose. As previously stated, no such maximum could be demonstrated during mannitol loading (Figures 1, 5) . Moreover, the finding that during saline loading sodium excretion may increase appreciably before the distal limit becomes evident also suggests that this limit clearly differs from a classical Tm (Tables II, III).
The limit on net distal sodium transport might result from a balance of increasing and decreasing sodium reabsorption at separate water-clearing sites (13) . It seems unlikely, however, that such a balance would remain unaltered over an extensive range of distal flow rates (from 25 to 50% of the filtered load). Moreover, a sustained decrease in transport at one of these sites would be expected to disrupt this balance and alter the stability of CH2o (13) . The failure of the sustained inhibition of distal transport induced by thiazide (15, 16, 22) to alter the stability of CH2O during the subsequent saline diuresis (Figures 2, 3) is, therefore, difficult to reconcile with the proposal of a balance of distal effects (13) .
It has been previously suggested that under hydrated conditions sodium and water may be reabsorbed in the distal tubule in isosmotic proportions (6, 18) . A fraction of the rise in Cosm or V without any change in CH2o might result from an inhibition of sodium transport at such a distal segment (6), but the extent, if any, to which this occurs could not be evaluated.
The present experiments may permit an analysis of several factors that affect tubular function during saline loading in dog. The mannitol studies demonstrate that increasing distal flow rates, per se, do not limit sodium transport in the distal tubule. Therefore, changes in tubular geometry consequent to high distal flow rates do not appear to be responsible for the distal effect evident during saline loading. It would appear, instead, that through an unknown mechanism saline loading imposes a limit on distal sodium transport that may not exist under other conditions. In any event, the major increment in salt excretion provoked by saline loading apparently develops only after saline alters the capacity of the distal tubule to transport sodium.
